Long-lived high-spin super-and hyper-deformed isomeric states, which exhibit themselves by abnormal radioactive decays, have been observed using the 16 O + 197 Au and 28 Si + 181 Ta reactions. They make it possible to understand the production, via secondary reactions, of the long-lived superheavy element with Z = 112 and of the abnormally low energy and very enhanced α-particles seen in various actinide sources. They may also explain some puzzling phenomena seen in nature.
Introduction
In the past several observations were made which could not be understood under the given knowledge of nuclear physics. First [ 1, 2] , evidence for the production, via secondary reactions in CERN W targets, of a long-lived superheavy isotope ∼272 112 has been obtained. There was however no understanding of the long deduced halflife of several weeks and of the large deduced fusion cross section of several mb [ 2, 3] . Secondly, in actinide fractions separated from the same W target, unidentified α-particle groups at 5.14 MeV (t 1/2 = 3.8±1 y), 5.27 MeV (t 1/2 = 625±84 d) and 5.53 MeV (t 1/2 = 26±7 d) were found in the Bk, Es and Lr-No sources, respectively [4] [5] [6] [7] [8] . Again one could not understand their relatively low energies (e.g., 5.53 MeV in Lr-No as compared to g.s. to g.s. transitions around 8 MeV, which have about 13 orders of magnitude larger penetrability factors), and very short half-lives (10 5 -10 7 shorter than predicted from the systematics [ 9] ). The deduced evaporation-residue cross sections [ 8] , in the mb region, are also several orders larger than expected.
A number of unexplained phenomena have also been observed in nature. Po halos, produced by α-particles from 210 Po (t 1/2 = 138.4 d), 214 Po (t 1/2 = 164 µs) and 218 Po (t 1/2 = 3.0 m), have been seen in mica [ 10] . Hulubei and Cauchois [ 11] saw induced Po X-rays in the mineral petzites. In both cases the precursors Th and U were not present. Evidences for 3.0 and 4.5 MeV [ 12] and for 4.6 MeV [ 13] α-particles which were thought to be due to Eka-Os (element 108) were obtained in several minerals. These results were not substantially convincing partly since the predicted [ 9] half-life for such low energy α-particles in Z = 108 is around 10 16 y, implying an impossible large amount of material of about 0.1 g. [7, 16] , about 10% below the Coulomb barrier, a high energy (7.8 -8.6 MeV) and long-lived (40 d ≤ t 1/2 ≤ 2.1 y) α-particle group was found in coincidence with SDB γ-rays (Fig. 1) , and consistently interpreted as due to production of a high-spin long-lived hyper-deformed isomeric state in 195 Hg, which decays by a factor of 10 13 retarded α-particles to SDB states in 191 Pt.
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Super-and Hyper-Deformed Isomeric States in the Actinides
Based on these results and on the predicted [ 17] excitation energies of the second and third minima in various actinide nuclei, the unidentified α-particle groups from the actinide fractions (Section 1) can be consistently interpreted [ 7, 8] , both from the low energy and the enhanced lifetime points of view, as due to II min → II min or III min → III min transitions ( Table 1) . Fig. 2 summarizes the various new and abnormal particle decays which were observed in different experiments. It should be mentioned that a high-spin longlived super-deformed isomeric state has been predicted back in 1969 [ 18] . a Deduced from Ref. [17] b Calculated according to formulas given in Refs. [8, 14] . β 2 and β 4 values were deduced from the ǫ 2 and ǫ 4 values given in Ref. [17] using Fig. 2 
The Long-Lived Superheavy Element with Z = 112
The experiments [ 1, 2] concerning element 112 can be understood as due to its production in a long-lived super-or hyper-deformed isomeric state, rather than in the ground state. The large deduced fusion cross section is due to two effects. a) Very little extra-push energy is needed in order to produce the compound nucleus in such a state. b) The fusion probability in the secondary reactions, where the projectile is itself a deformed fragment produced just within 2x10 −14 s before interacting with another W nucleus in the target, is much larger as compared to fusion with a normal projectile, due to the much reduced Coulomb repulsion [ 19] .
Isomeric States and Superheavy Elements in Nature?
The discovered high spin super-and hyper-deformed isomeric states may be the source for the Po halos [10] , and for the observed Po induced X-rays in petzites [11] .
The low energy α-particles around 4.5 MeV [ 12, 13] may be due to either: a) A very enhanced III min → III min transition in Z ∼ 108 with t 1/2 ∼ 10 9 y (amount of material ∼10 ng), or b) A very retarded II min → I min or III min → II min transition in the region of Os itself. We would like to thank J. L. Weil for taking part in the measurements with the actinide sources, A. Pape for bringing the work of Ref. [ 11] 
